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Lqwhuqdwlrqdolvdwlrq/ lqgxvwuldo srolf| dqg
foxvwhuv 




Wklv sdshu dqdo|vhv lqgxvwuldo srolf| lq d kljk zdjh rshq hfrqrp|
krvwlqj dq djjorphudwlrq frqvlvwlqj ri yhuwlfdoo| olqnhg xsvwuhdp dqg
grzqvwudp ￿upv1 Rswlpdo srolf| wrzdugv xsvwuhdp dqg grzqvwuhdp
lqgxvwulhv gl￿hu udglfdoo| lq wklv vhwwlqj1 Krzhyhu wkh uhvwulfwlrq wkdw
wkh djjorphudwlrq vkrxog eh vxvwdlqhg pd| uhvwulfw wkh rwkhuzlvh zho0
iduh pd{lplvlqj srolf|1
MHO Fodvvl￿fdwlrq= I45/I48/I54/U45
Nh|zrugv= djjorphudwlrq/ foxvwhuv/ wd{hv
￿Zh wkdqn sduwlflsdqwv dw wkh UWQ zrunvkrs rq hfrqrplf jhrjudsk|/ Ylooduv 5334/ dqg
dw wkh Qruglf Lqwhuqdwlrqdo Hfrqrplfv Vhplqduv +QRLWV, zrunvkrs/ Frshqkdjhq 5334/
iru frpphqwv dqg vxjjhvwlrqv1 Ilqdqfldo vxssruw iurp wkh uhvhdufk frxqflo ri Qruzd|
+wd{ uhvhdufk surjudp, lv judwhixoo| dfnqrzohgjhg1
|Vwrfnkrop Xqlyhuvlw| dqg FHSU/ hpdlo= uiCqh1vx1vh
}Qruzhjldq Vfkrro ri Hfrqrplfv dqg Exvlqhvv dgplqlvwudwlrq dqg FHSU/ hpdlo=
NduhqKhohqh1NqduylnCvqi1qr
44 Lqwurgxfwlrq
Wkh rqjrlqj lqwhjudwlrq ri wkh zruog pdunhw kdv ohdg wr d kljk ghjuhh ri
vshfldolvdwlrq lq lqgxvwuldo surgxfwlrq1 Wkh uhvxowlqj uhorfdwlrq ri lqgxvwu|
ohdgv wr wkh irupdwlrq ri qhz lqgxvwuldo foxvwhuv dv zhoo dv wkh euhdn0xs ri
douhdg| h{lvwlqj rqhv1 Srolf|pdnhuv fduh derxw lqgxvwuldo foxvwhuv dqg wkhlu
jhrjudsklfdo orfdwlrq/ vlqfh foxvwhuv duh dvvrfldwhg zlwk uhqwv1 Phpehuvkls
ri foxvwhuv dqg lqwhu0up qhwzrunv duh vwurqjo| eholhyhg wr hqkdqfh wkh sur0
gxfwlylw|/ dqg frpshwlwlyh shuirupdqfh ri upv1
Lqgxvwuldo foxvwhuv uho| rq orfdolvhg srvlwlyh h{whuqdolwlhv/ zklfk pd| eh
shfxqldu| ru sxuh lq qdwxuh1 Jryhuqphqwv pd| wkhuhiruh zdqw wr lqwhuyhqh lq
rughu wr hqvxuh wkdw wkh foxvwhu uhdfkhv lw rswlpdo vl}h1 Lq d forvhg hfrqrp|
wkh uhqwv fuhdwhg lq wkh foxvwhu zloo eh  e| ghqwlrq ri d forvhg hfrqrp| 
hqwluho| devruehg e| grphvwlf idfwruv ri surgxfwlrq ru grphvwlf frqvxphuv1
Wklv dovr phdqv wkdw li d jryhuqphqw fkrrvh wr lqwhuyhqh/ wkh vxevlglhv jlyhq
wr wkh foxvwhu zloo lq wkh hqg eh uhwxuqhg wr wkh grphvwlf hfrqrp|1
Lq d joredolvhg zruog d jryhuqphqw kdv wr wdnh lqwr dffrxqw zkr uhfhlyh
wkh uhqwv jhqhudwhg lq dq lqgxvwuldo foxvwhu= orfdov ru iruhljqhuvB Wkh jryhuq0
phqw pxvw dovr frqvlghu wkdw up prelolow| pd| olplw wkh vfrsh iru wd{dwlrq1
Lq d zruog zlwk lqwhuqdwlrqdoo| preloh upv dqg idoolqj lqwhuqdwlrqdo wudgh
frvw/ lqgxvwuldo srolf| lqlwldwlyhv wkdw doorzv iru zhoiduh pd{lpl}dwlrq xqghu
d forvhg uhjlph/ pd| qrw dq| orqjhu eh rswlpdo1
Lq wklv sdshu zh dqdo|vh wr zkdw h{whqw joredol}dwlrq dqg lqgxvwuldo foxv0
whuv fdoo iru d glhuhqw lqgxvwuldo srolf|1 Zh lqyhvwljdwh wklv lq d wzr0frxqwu|
vhwwlqj/ zkhuh wkhuh lv rqh kljk zdjh/ dqg rqh orz zdjh hfrqrp|1 Rxu srlqw
ri ghsduwxuh lv rqh zkhuh wkhuh lv d foxvwhu wkdw frqvlvwv ri wzr yhuwlfdoo|
olqnhg lqgxvwulhv  dq xsvwuhdp dqg d grzqvwuhdp lqgxvwu| 0 orfdwhg lq wkh
kljk zdjh frxqwu|1 Zh vkrz wkdw erwk wudgh frvwv dv zhoo dv up prelolw|
pdwwhu iru zkhwkhu wkh jryhuqphqw zrxog zdqw wr wd{ ru vxevlgl}h wkh lqgxv0
wulhv lq wkh foxvwhu1 Wkh pruh ri wkh uhqwv jhqhudwhg lq wkh foxvwhu wkdw dffuxh
wr iruhljqhuv/ wkh ohvv d qdwlrqdo zhoiduh pd{lpl}lqj jryhuqphqw zrxog olnh
wr vxevlgl}h wkh foxvwhu1 Zh dovr vkrz wkdw wkh rswlpdo lqgxvwuldo srolf| gl0
uhfwhg wrzdugv wkh xsvwhdp lqgxvwu| glhuv udglfdoo| iurp wkh srolf| wrzdugv
wkh grzqvwuhdp lqgxvwu|1 Dovr zh hpkdvl}h wkdw fuxfldo iru zkhwkhu ru qrw
wkh jryhuqphqw zrxog zdqw wr lqwhuyhqh lq wkh uvw sodfh lv wkh jds ehwzhhq
idfwru sulfhv lq wkh kljk zdjh dqg wkh orz zdjh frxqwu|1
Rwkhu dxwkruv kdyh dovr odwho| orrnhg lqwr wkh lvvxh ri hfrqrplf srolf|
dqg lqgxvwuldo djjorphudwlrq/ h1j1 Oxghpd dqg Zrrwrq +4<<;,/ Kddodqg
5dqg Zrrwrq +4<<<, Dqghuvvrq dqg Iruvolg +4<<<,/ Edogzlq dqg Nuxjpdq
+5333,/ Nlqg/ Plghoiduw0Nqduyln dqg Vfkmhoghuxs +5333,/ dqg Qrupdq dqg
Yhqdeohv +5334,1 Rxu vwxg| lv glvwlqfw iurp wkh deryh lq pdq| uhvshfwv/
dqg lq sduwlfxodu qrqh ri wkh uhfhqw frqwulexwlrqv wr wklv olwhudwxuh/ kdyh
ghdow zlwk wkh glhuhqfh ehwzhhq xsvwuhdp dqg grzqvwuhdp lqgxvwulhv1 Wkh
glvwlqfwlrq wxuqv rxw wr eh lpsruwdqw iru wkh frqgxfw ri lqgxvwuldo srolf|/
ehfdxvh lw dhfwv zkr hduqv wkh uhqwv fuhdwhg lq wkh djjorphudwlrq1
Wkh sdshu lv rujdqlvhg dv iroorzv1 Vhfwlrq 5 suhvhqwv dq hfrqrplf jhrjud0
sk| prgho ri d foxvwhu zlwk xsvwhdp dqg grzqvwuhdp lqgxvwulhv1 Lq vhfwlrq
6 zh hoderudwh rq djjorphudwlrq irufhv dqg lqyhvwljdwh wkh vxvwdlqdelolw| ri
foxvwhuv1 Wkhuhdiwhu lqgxvwuldo srolf| gluhfwhg wrzdugv foxvwhuv dqg wkh lp0
sdfw ri joredol}dwlrq rq rswlpdo srolf| ghvljq lv dqdo|vhg lq vhfwlrq 7/ dqg
qdoo| vhfwlrq 8 frqfoxghv1
5 D prgho zlwk yhuwlfdoo| olqnhg upv
Zh hpsor| d yhuvlrq ri wkh hfrqrplf jhrjudsk| prgho rxwolqhg e| Yhqdeohv
+4<<9,1 Wkhuh duh wzr frxqwulhv> wkh lqgxvwuldolvhg kljk zdjh frxqwu| 
+krph, dqg wkh qrq0lqgxvwuldolvhg frxqwu| s +iruhljq,1 Hdfk frxqwu| pd|
eh dfwlyh lq wzr vhfwruv= djulfxowxuh dqg pdqxidfwxulqj1 Pdqxidfwxulqj/
zklfk surgxfhv glhuhqwldwhg jrrgv xqghu lpshuihfw frpshwlwlrq/ lv ixuwkhu
vsolw lqwr wzr yhuwlfdoo| olqnhg lqgxvwulhv= Pdqxidfwxuhuv ri qdo jrrgv dqg
pdqxidfwxuhuv vxssolhuv1 Erwk qdo dqg lqwhuphgldwh jrrgv duh vxemhfw wr
wudgh frvwv1 Rxu srlqw ri ghsduwxuh lv rqh zkhuh wkh wzr pdqxidfwxulqj
lqgxvwulhv duh djjorphudwhg lq wkh krph frxqwu|1
Wkhuh lv rqh idfwru ri surgxfwlrq/ oderxu/ zklfk lv preloh ehwzhhq vhfwruv/
exw lppreloh ehwzhhq frxqwulhv1 D frxqwu| pd| ohy| wd{hv rq zdjh lqfrph
dqg up*v uhyhqxhv ru frvwv1 Zh devwudfw iurp frqvlghudwlrqv uhodwhg wr wkh
surylvlrq ri sxeolf jrrgv dqg dvvxph d elqglqj exgjhw frqglwlrq uhtxlulqj
wkdw wd{ lqfrph htxdov sxeolf wudqvihuv1 Khqfh/ li d jryhuqphqw fkrrvhv wr
vxevlgl}h upv/ d srvlwlyh wd{ rq oderxu lqfrph pxvw eh ohylhg> dqg ylfh
yhuvd1 Vlqfh oderu lv lq {hg vxsso|/ wd{ rq oderu lqfrph lv oxps vxp lq
qdwxuh1
Wkh uhsuhvhqwdwlyh uhvlghqw lq frxqwu|  uhfhlyhv lqfrph iurp oderxu rqo|1





￿c f 		c +4,
zkhuh ￿ dqg ￿ ghqrwh frqvxpswlrq ri jrrgv iurp wkh djulfxowxuh dqg
pdqxidfwxulqj vhfwru/ uhvshfwlyho|/ dqg  lv wkh h{shqglwxuh vkduh rq pdq0
xidfwxulqj1 Djulfxowxudo E jrrgv fdq eh frvwohvvo| wudghg lqwhuqdwlrqdoo|
dqg duh surgxfhg xqghu frqvwdqw uhwxuqv wr vfdoh dqg shuihfw frpshwlwlrq14
Wkh 0 j r r gl vf k r v h qd vq x p h u d l u h /v rw k d ww k hz r u o gp d u n h ws u l f hr iw k h
djulfxowxudo jrrg/ R￿/ lv htxdo wr xqlw|1 Zh dvvxph wkdw wkh surgxfwlylw|
ri djulfxowxuh lq wkh iruhljq qrq0lqgxvwuldolvhg orz zdjh frxqwu| lv E	 
wlphv wkh surgxfwlylw| lq wkh krph frxqwu|1 E| fkrlfh ri vfdoh/ xqlw oderu
uhtxluhphqw lq wkh D0vhfwru lq wkh krph frxqwu| lv rqh/ zklfk jlyhv
￿ ' c s '  +5,
Wklv krogv dv orqj dv 	fDc zklfk lpsolhv wkdw ghpdqg iru djulfxowxudo
jrrgv lv odujh hqrxjk wr jxdudqwhh wkdw wkh djulfxowxudo vhfwru lv dfwlyh lq
erwk frxqwulhv luuhvshfwlyho| ri wkh orfdwlrq ri rwkhu surgxfwlrq vhfwruv1 Idf0
wru sulfhv duh/ wkxv/ jlyhq/ dqg zh duh frqvhtxhqwo| dqdo|vlqj dq lqgxvwuldo
djjorphudwlrq wkdw lv vpdoo hqrxjk qrw wr dhfw idfwru sulfhv1
Lpsruwdqw iru wkh orfdwlrq ri lqgxvwu|/ lv wkh vl}h ri wkh krph pdunhw1
Khuh zh zdqw wr lqyhvwljdwh wkh hhfwv ri lqwhuqdwlrqdo idfwru sulfh glhuhqfhv
lvrodwhg iurp glhuhqfhv lq pdunhw vl}h1 Lw lv wkhuhiruh dvvxphg wkdw wkh
oderxu vwrfn lv frxqwu| s lv * odujhu wkdq wkdw ri frxqwu|  +us ' u￿*c
zklfk pdnhv suhwd{ lqfrph htxdo lq wkh wzr frxqwulhv1
Wkh frqvxpswlrq ri qdo jrrgv iurp wkh pdqxidfwxulqj vhfwru lv ghqhg









zkhuh S& uhsuhvhqwv frqvxpswlrq ri hdfk jrrg1 Hdfk surgxfhu rshudwhv xqghu
lqfuhdvlqj uhwxuqv wr vfdoh dw wkh ohyho ri wkh sodqw/ dqg lq olqh zlwk Gl{lw dqg
Vwljolw} +4<::, zh dvvxph wkdw wkhuh lv odujh jurxs prqrsrolvwlf frpshwlwlrq
ehwzhhq pdqxidfwxuhuv1 Wkxv/ erwk wkh shufhlyhg hodvwlflw| ri ghpdqg dqg
wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq dq| sdlu ri glhuhqwldwhg jrrgv duh
htxdo wr j1
4Zh pdlqwdlq wkh vwdqgdug odehoolqj ri wkh wzr vhfwruv iru hdvh ri frpsdulvrq1 Pruh
jhqhudoo|/ vhfwru D vkrxog eh lqwhusuhwhg dv d oderxu0lqwhqvlyh lqgxvwu|1
7D uhsuhvhqwdwlyh pdqxidfwxulqj up lq frxqwu|  surgxfhv lwv rxwsxw %￿￿
xvlqj k xqlwv ri lqsxw dv {hg frvwv dqg q shu xqlw ri rxwsxw wkhuhdiwhu/ dqg
kdv d wrwdo frvw ixqfwlrq jlyhq e|




5￿Ek n q%￿￿c#5 dfcl +6,
Lq +6, wkh sdudphwhu # lv wkh vkduh ri wrwdo frvwv wkdw jrhv wr wkh sxufkdvh
ri lqwhuphgldwhv +zlwk sulfh '5￿/ zkloh   # jrhv wr oderu1 Qrwlfh wkdw iru
#:f zh kdyh yhuwlfdo lqgxvwu| olqndjhv lq wkh vhqvh wkdw wkh pdqxidfwxulqj
lqgxvwu| +, xvhv lqwhuphgldwhv surgxfhg e| wkh pdqxidfwxulqj vxssolhu
lqgxvwu| +7,1 Wkh jryhuqphqw pd| zdqw wr wd{ ru vxevlgl}h pdqxidfwxulqj
surgxfwlrq/ lq zklfk fdvh/ d wd{ +|￿￿ : f ru vxevlg| +|￿￿ 	 f edvhg rq
wrwdo frvwv zloo eh lqwurgxfhg1 Surwv lq pdqxidfwxulqj duh wkhq htxdo wr
Z￿￿ ' R￿￿%￿￿  E n |￿￿A ￿￿ Qrwh/ wkdw vlqfh zh vkdoo eh dvvxplqj iuhh
hqwu| dqg }hur surw/ d wd{ rq frvwv lv htxlydohqw wr d wd{ rq uhyhqxhv1 Gxh
wr }hur surwv lq htxloleulxp/ wd{ rq surwv ehfrphv xqdssolfdeoh1
Doo surgxfhuv kdyh dffhvv wr wkh vdph whfkqrorj|/ vr sulfhv gr qrw glhu
ehwzhhq upv lq d jlyhq frxqwu|1 Vlqfh upv idfh d frqvwdqw ghpdqg hodv0
wlflw| wkh| vhw d frqvwdqw pdunxs j
j3￿ ryhu pdujlqdo frvwv/ wkh i1r1e1 sulfh








5￿E n |￿￿ +7,
Pdqxidfwxuhg jrrgv duh wudghdeoh/ exw zh dvvxph Vdpxhovrq lfhehuj
w|sh wudgh frvwv/ vr wkdw rqo| ￿
￿ ri hdfk xqlw vklsshg dfwxdoo| uhdfkhv lwv
ghvwlqdwlrq1 Wklv phdqv wkdw wkh f1l1i1 sulfh lv  wlphv kljkhu wkdq wkh i1r1e1
sulfh ri dq lpsruwhg jrrg1 Wudgh frvwv vkrxog eh wkrxjkw ri dv d v|qwkhwlf
phdvxuh ri d zlgh udqjh ri wudgh eduulhuv wkdw duh lqwulqvlfdoo| zdvwhixo1
Gxh wr iuhh hqwu| wkhuh lv }hur surwv lq wkh pdqxidfwxulqj vhfwru1 Xvlqj
wkh }hur surw frqglwlrq lq frpelqdwlrq zlwk wkh h{suhvvlrq iru sulfh dqg
wkh frvw ixqfwlrq/ zh kdyh wkdw %￿￿ ' %￿ '
kEj3￿￿
q lq htxloleulxpc dqg e|
fkrrvlqj xqlwv q  j3￿
j / %￿ ' kj lq htxloleulxp1








￿3j  9' c +8,
8zkhuh ?￿ dqg ?￿ duh wkh qxpehu ri ydulhwlhv surgxfhg lq frxqwulhv  dqg 1





￿￿  ' cs +9,
Wkh surgxfwlrq whfkqrorj| iru pdqxidfwxuhg jrrgv uhtxluhv d frpsrv0
lwh ri lqwhuphgldwh jrrgv dqg oderu1 Lqwhuphgldwh jrrgv duh surgxfhg e| d
vxssolhu lqgxvwu| 7/ zklfk vlploduo| wr lqgxvwu|  lv fkdudfwhulvhg e| pr0
qrsrolvwlf frpshwlwlrq/ l1h1 doo xsvwuhdp surgxfhuv kdyh dffhvv wr wkh vdph
whfkqrorj|/ vr sulfhv gr qrw glhu ehwzhhq upv lq d jlyhq frxqwu|1 D uhs0
uhvhqwdwlyh vxssolhu up lq frxqwu|  surgxfhv lwv rxwsxw %5￿ xvlqj @ xqlwv ri
lqsxw dv {hg frvwv dqg K shu xqlw ri rxwsxw wkhuhdiwhu/ dqg kdv d wrwdo frvw
ixqfwlrq jlyhq e|
A 5￿ ' ￿E@ n K%5￿ +:,
Djdlq/ d jryhuqphqw pd| fkrrvh wr wd{ ru vxevlgl}h wkh frvw ri surgxflqj
ri lqwhuphgldwh jrrgv/ l1h1 surwv duh jlyhq e| Z5￿ ' R5￿%5￿  E n |5￿A 5￿
I l u p vv h wdf r q v w d q wp d u n x s "
"3￿ ryhu pdujlqdo frvwv/ wkh i1r1e1 sulfh iurp




K￿ E n |5￿ +;,
Lqwhuphgldwhv duh dovr wudghdeoh/ dqg zh dvvxph wkh vdph lfhehuj wudgh
frvwv/ zklfk lpsolhv wkdw rqo| ￿
￿ ri hdfk xqlw vklsshg dfwxdoo| uhdfkhv lwv
ghvwlqdwlrq1 Wkhuh lv iuhh hqwu| dqg }hur surwv lq wkh vxssolhu lqgxvwu|1
Xvlqj wkh }hur surw frqglwlrq lq frpelqdwlrq zlwk wkh h{suhvvlrq iru sulfh
dqg wkh frvw ixqfwlrq/ zh kdyh wkdw %5￿ ' %7 '
@E"3￿￿
K cdqg diwhu vhwwlqj
K 
"3￿
" / %7 ' @" lq htxloleulxp1







￿3"  9' c +<,
zkhuh 6￿ dqg 6￿ duh wkh qxpehu ri ydulhwlhv surgxfhg lq frxqwulhv  dqg
1 Lq wkh suhvhqfh ri srvlwlyh wudgh frvwv/ d odujhu vkduh ri grphvwlf vxssolhu
 u p vo h d g vw rdo r z h u'7/ zklfk ohdgv wr orzhu frvw iru orfdo grzqvwuhdp
 u p v /d vv h h ql q+ 6 , 1
9Iurp wkh xwlolw| ixqfwlrq lw iroorzv wkdw wkh frqvxphu zloo vshqg d vkduh
 ri lqfrph t￿ rq pdqxidfwxuhg jrrgv/ l1h1 wkh ydoxh ri frqvxpswlrq h{shq0
glwxuh rq glhuhqwldwhg jrrgv/ .￿￿ lv jlyhq e|
.￿￿ ' t￿  ' cs +43,
Xvlqj Vkhsdug*v ohppd rq +6,/ zh fdq ghulyh wkh ghpdqg iru lqwhuphgl0
dwhv lq wkh pdqxidfwxulqj lqgxvwu|1 Wrwdo lqwhuphgldwh ghpdqg lq frxqwu|
/ .5￿c fdq wkxv eh h{suhvvhg dv
.5￿ ' #A￿￿?￿  ' cs +44,
Zh xvh Vkhsdug*v ohppd wr ghulyh grphvwlf dqg iruhljq ghpdqg iru d





















￿3".7￿c 9'  +46,
Xvlqj +45, dqg wkh }hur surwv frqglwlrq/ wkh surgxfw pdunhw htxloleulxp












c? ￿  fc 9'  +47,
Wkh surgxfw pdunhw htxloleulxp lq wkh xsvwuhdp pdqxidfwxulqj lqgxvwu|
lv vlploduo| ghulyhg xvlqj +46, lq frpelqdwlrq zlwk wkh }hur surwv frqglwlrq












c6 ￿  fc 9' c +48,
Idfwru pdunhw fohdulqj uhtxluhv wkdw wkh vxsso| ri oderu +u￿ lq htxlole0
ulxp lv htxdo wr ghpdqg iru oderxu lq pdqxidfwxulqj +u￿￿,/ wkh pdqxidfwxu0
lqj vxssolhu lqgxvwu| +u5￿,/ dqg djulfxowxuh +u￿￿,v ru￿ ' u￿￿ n u5￿ n u￿￿
:Xvlqj Vkhskdug*v ohppd rq htxdwlrqv +6, dqg +:, wr ghulyh oderxu ghpdqg lq
wkh wzr pdqxidfwxulqj lqgxvwulhv/ zh fdq uhzulwh wkh oderxu pdunhw fohdulqj
frqglwlrq dv




5￿?￿kj  6￿@" +49,
+5, dqg +49, lpso| wkdw vlqfh hdfk frxqwu| lv dfwlyh lq erwk pdqxidfwxulqj
dqg djulfxowxuh/ oderxu lv wrwdoo| hodvwlf lq vxsso| wr erwk vhfwruv1 Li rqh
vhfwru h{sdqgv/ wklv gudzv uhvrxufhv rxw ri wkh rwkhu/ exw grhv qrw lpsdfw
rq idfwru uhwxuqv1
D jryhuqphqw pd| fkrrvh wr wd{ ru vxevlgl}h wkh grzqvwuhdp dqg2ru
wkh xsvwuhdp pdqxidfwxulqj lqgxvwu|1 D qhw vxevlg| wr pdqxidfwxulqj zloo
kdyh wr eh qdqfhg e| d wd{ rq oderxu lqfrph +|￿ : f,/ zkloh d qhw wd{ rq
pdqxidfwxulqj zloo eh uhglvwulexwhg lq wkh vdph zd| edfn wr wkh frqvxphuv1
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dqg glvsrvdeoh frqvxphu lqfrph htxdov
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￿u￿ +4;,
Wkh jhqhudo htxloleulxp lv fkdudfwhul}hg e| wkh htxdwlrqv +5,/ +7,/ +8,/
+;,/ +<,/ +43,/ +44,/ +47,/ +48,/ +49,/ +4:,/ dqg +4;,/ zklfk fdq eh vroyhg wr
jlyh htxloleulxp ydoxhv iru ￿/ 'r￿c' ￿￿cR ￿￿cR 5￿/.￿￿/.5￿c? ￿c6 ￿c| ￿ct ￿cu ￿￿ iru
 ' cs1
6 Pdqxidfwxulqj djjorphudwlrq
Rxu irfxv khuh lv rq lqgxvwuldo srolf| gluhfwhg wrzdugv lqgxvwuldo foxvwhuv1
Exw ehiruh zh wxuq wr wkh srolf| dqdo|vlv zh zdqw wr lqyhvwljdwh wkh irufhv
kroglqj dq hfrqrplf foxvwhu lq sodfh1 Rxu srlqw ri ghsduwxuh lv d vlwxdwlrq
zkhuh erwk wkh xsvwuhdp0 dqg grzqvwuhdp pdqxidfwxulqj lqgxvwulhv duh dj0
jorphudwhg lq wkh krph frxqwu|1 Exw li upv duh lqwhuqdwlrqdoo| preloh wkh|
pd| qg lw surwdeoh wr pryh dzd| iurp wkh lqgxvwuldo foxvwhu lq 1L w l v
khuh h{dplqhg zkhwkhu wkh jlyhq doorfdwlrq ri hfrqrplf dfwlylw| lv d vwdeoh
;htxloleulxp> lq rwkhu zrugv/ zkhwkhu wkh lqgxvwuldo djjorphudwlrq lq frxqwu|
 lv vxvwdlqdeoh1
Wklv vhfwlrq irfxv rq krz vxvwdlqdelolw| ghshqgv rq wkh ohyho ri hfrqrplf
lqwhjudwlrq/ zkhuhdv wkh dqdo|vlv ri wd{hv dqg zhoiduh lv srvwsrqhg wr vhfwlrq
81 Wd{hv duh wkhuhiruh doo vhw wr }hur iru wkh wlph ehlqj1
Wkh iruhljq frxqwu| pd| eh dq dwwudfwlyh orfdwlrq ri surgxfwlrq ehfdxvh
ri lwv orzhu idfwru sulfhv/ dqg ehfdxvh wudgh frvwv dwwhqxdwhv wkh surgxfw
pdunhw frpshwlwlrq iru d grzqvwuhdp up1 Wkhvh glvshuvlrq irufhv/ krz0
hyhu/ edodqfh djdlqvw djjorphudwlrq irufhv dvvrfldwhg zlwk wkh krph frxqwu|1
Ehfdxvh upv duh yhuwlfdoo| olqnhg wkhuh duh edfnzdug dqg iruzdug olqndjhv>
pruh xsvwuhdp upv lq wkh uhjlrq lpsolhv d orzhu sulfh lqgh{ ri lqwhuphgl0
dwh lqsxwv iru grzqvwuhdp upv +iruzdug olqn,/ zkloh pruh grzqvwuhdp upv
lpso| d odujhu pdunhw iru xsvwuhdp upv +edfnzdug olqn,1 Wkxv/ wkh yhuwlfdo
lqgxvwu| olqndjhv ehwzhhq wkh  dqg 7 lqgxvwu| jlyh ulvh wr orfdwlrq vshflf
h{whuqdo hfrqrplhv ri vfdoh li wkhuh duh srvlwlyh wudgh frvwv1
Djjorphudwlrq ri pdqxidfwxulqj lq  lv vxvwdlqdeoh li/ dqg rqo| li/ wkh
vdohv ri d uvw +srwhqwldo, ghyldwlqj up uhorfdwlqj wr frxqwu| s duh wrr orz
wr euhdn hyhq> lq zklfk fdvh wkhuh zloo qrw eh dq| upv pljudwlqj iurp
frxqwu|  wr s1 Ehfdxvh ri frqvwdqw pdun0xs/ surwv rqo| ghshqg rq vdohv1
























Qrwh wkdw +4<, lv ghulyhg xqghu wkh dvvxpswlrq wkdw wkh hqwluh xsvwuhdp
lqgxvwu| lv frqfhqwudwhg lq frxqwu| / dqg +53, vlploduo| uholhv rq wkh hqwluh
grzqvwuhdp lqgxvwu| ehlqj orfdwhg lq frxqwu| 1 Wkh }hur surw vfdoh lv
%￿ ' kj iru P0vhfwru upv/ dqg %7 ' @" iru V0vhfwru upv1 Wkh dv|pphwulf










iru surgxfhuv ri lqwhuphgldwh jrrgv1
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￿  Xvlqj wkhvh wrjhwkhu
zlwk sulfh htxdwlrqv +7, dqg +;,/ dqg surgxfw pdunhw fohdulqj frqglwlrqv/
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Zh sorw +57, dqg +58, iru wkh fdvh zlwkrxw wd{hv +|￿￿ ' |7￿ ' |￿s '
|7s 'f  1 Iru pd{lpdo frpsdudelolw| ehwzhhq wkh P0 dqg V0vhfwru zh vhw
j ' 0 Iljxuh 4 looxvwudwhv wkh uhodwlrqvkls ehwzhhq vxvwdlqdelolw| dqg wudgh
frvwv/ l1h1 vkrzv krz %W
￿s dqg %W
7s ydu| zlwk wudgh frvwv lq d w|slfdo fdvh15
~ILJXUH 5
Wkh uvw wklqj wr qrwh lv wkdw wkh grzqvwuhdp lqgxvwu| h{klelwv d X0vkdsh
lq wudgh frvwv> zkloh wkh xsvwuhdp lqgxvwu| grhv qrw1 Wkh X0vkdsh lv d uhvxow
ri wkh zhoo nqrzq qrq0olqhdu lqwhudfwlrq ri djjorphudwlrq dqg glvshuvlrq
irufhv +f1i1 Ixmlwd hw do/ 4<<<,= d orz ghjuhh ri surgxfw pdunhw frpshwlwlrq
5Zh zloo xvh wkh iroorzlqj vwdqgdug sdudphwhu ydoxhv lq doo vlpxodwlrqv= j @3 =78>n@
jj+4 ￿ j,j>d@3 =4>￿@3 =4>
% @5 =8>￿@5 =8>￿@3 =7>!@3 =<=
Krzhyhu/ rxu uhvxowv duh ydolg lq d txdolwdwlyh vhqvh iru d odujh udqjh ri sdudphwhu ydoxhv1
43dqg orz idfwru sulfhv/ dwwudfw grzqvwuhdp upv wr wkh iruhljq frxqwu|/ zkloh
wkh lqihulru dffhvv wr lqwhuphgldwh lqsxwv idflqj d ghyldwlqj up/ zrunv lq
wkh rwkhu gluhfwlrq1 Wkh surgxfwlrq ri d ghyldwlqj xsvwuhdp up/ rq wkh
frqwudu|/ ulvhv prqrwrqlfdoo| dv wudgh frvwv idoo1 Lw*v hqwluh pdunhw olhv lq wkh
krph frxqwu|/ vr wkh dwwudfwlyhqhvv ri orfdwlqj lq wkh iruhljq frxqwu|/ zkhuh
idfwru sulfhv duh orzhu/ lqfuhdvhv prqrwrqlfdoo| dv wudgh frvwv idoo1
Kljkhu hodvwlflw| ri ghpdqg +j ohdgv wr uhgxfhg pdun0xsv dqg hufhu
frpshwlwlrq lq wkh pdunhw iru qdo surgxfwv/ dqg lqfuhdvhv wkh whqghqf| iru
dq 0vhfwru up wr pryh wr frxqwu| s +dqg wkxv vkliw wkh X0vkdshg fxuyh
xszdug,/ exw grhv  lq wkh devhqfh ri wd{hv  qrw dhfw wkh vxvwdlqdelolw| ri
wkh vxssolhu vhfwru1 Zh uhwxuq wr wkh odwwhu srlqw ehorz1 Lq frqwudvw/ kljkhu
ghpdqg hodvwlflw| uhjduglqj lqwhuphgldwhv/ "c kdv dq dpeljxrxv lpsdfw rq
wkh V0vhfwru upv* surshqvlw| wr pljudwh1 D kljkhu " ohdgv wr lqfuhdvhg
frpshwlwlrq dprqj xsvwuhdp upv1 Wklv lpsolhv wkdw erwk pdunhw dffhvv
dqg orz idfwru sulfhv ehfrphv uhodwlyho| pruh lpsruwdqw1 Wkh iruhljq frxq0
wu| surylghv dq lqihulru pdunhw dffhvv/ vlqfh e| dvvxpswlrq/ doo grzqvwuhdp
upv duh frqfhqwudwhg lq wkh krph frxqwu|1 Wklv glvdgydqwdjh ulvhv zlwk
lqfuhdvlqj wudgh frvwv1 Krzhyhu/ wkh iruhljq frxqwu| pruhryhu rhuv fkhdshu
oderxu1 Dv d frqvhtxhqfh/ frqvlghudwlrqv uhodwhg wr surgxfw pdunhw dffhvv
zloo wkhuhiruh grplqdwh iru kljk wudgh frvwv> phdqlqj wkdw kljkhu ghpdqg
hodvwlflw| glvfrxudjhv pljudwlrq ri 7 upv1 Iru orz wudgh frvwv idfwru pdunhw
frqvlghudwlrqv zloo vwduw wr grplqdwh dqg hqfrxudjh pljudwlrq wr wkh orz
zdjh frxqwu|1
Dq lqfuhdvhg xvh ri lqwhuphgldwhv +# vwuhqjwkhqv wkh djjorphudwlrqv
irufhv vxvwdlqlqj wkh lqgxvwuldo fruh lq frxqwu| / vkliwlqj wkh fxuyhv grzq1
Dv iru wkh h{shqglwxuh vkduh rq pdqxidfwxuhuv +,/ dv orqj dv oderxu lv wr0
wdoo| hodvwlf lq vxsso| wr wkh pdqxidfwxulqj djjorphudwlrq/ d fkdqjh lq wklv
sdudphwhu zloo qrw dhfw wkh vxvwdlqdelolw| ri wkh djjorphudwlrq1 Ilqdoo|/ d
orzhu / dqg wkxv dq hqkdqfhg zdjh jds ehwzhhq wkh wzr frxqwulhv/ xqdp0
eljxrxvo| lqfuhdvhv wkh dwwudfwlyhqhvv ri wkh iruhljq frxqwu|/ dqg wkhuhiruh
vkliwv erwk fxuyhv xs1
Frqvlghu qrz wkh lpsdfw ri hfrqrplf lqwhjudwlrq rq wkh krph frxqwu|1
Vwduwlqj dw kljk wudgh frvwv wkh V0vhfwru zloo qhyhu pljudwh vlqfh lw*v hqwluh
pdunhw olhv lq wkh krph frxqwu|1 Iru P0vhfwru upv/ rq wkh frqwudu|/ wkh
dgydqwdjh ri ehlqj wkh vroh orfdoh surylghu ri pdqxidfwxulqj jrrgv lq wkh
iruhljq lv prvw surqrxqfhg iru kljk wudgh frvwv1 Surgxfw pdunhw frpshwlwlrq
zloo/ wkxv/ iru kljk hqrxjk wudgh frvwv lqgxfh pljudwlrq ri grzqvwuhdp upv
lq frxqwu| s/ xqohvv wkh olqndjhv wr wkh xsvwuhdp vhfwru duh wrr vwurqj1 Wklv
44lv looxvwudwhg e| wkh uljkw xszdug vorslqj sduw ri wkh X lq Iljxuh 41
Dv lqwhjudwlrq surfhhgv/ wkh djjorphudwlrq irufhv fuhdwhg e| wkh lqwhu0
lqgxvwu| olqndjhv ehfrph uhodwlyho| pruh grplqdqw/ dqg vhuylqj wkh iruhljq
pdunhw wkurxjk h{sruwv ehfrphv d pruh surwdeoh dowhuqdwlyh1 Wkh surshq0
vlw| ri wkh grzqvwuhdp vhfwru wr pryh rxw ri wkh krph frxqwu| dffruglqjo|
ghfolqhv1 Ilqdoo|/ dv lqwhjudwlrq ghhshqv/ fkrlfh ri orfdwlrq lv sulpdulo| ghwhu0
plqhg e| idfwru pdunhw frqvlghudwlrqv1 Wklv lpsolhv wkdw erwk grzqvwuhdp
dqg xsvwuhdp upv duh hqfrxudjhg wr ghyldwh iurp wkh lqgxvwuldo fruh lq
frxqwu| c dqg pryh rxw wr wkh orz zdjh hfrqrp| s1 Krzhyhu/ wkh xsvwuhdp
lqgxvwu| lv uhodwlyho| pruh oderxu lqwhqvlyh wkdq grzqvwuhdp/ dqg lqwhuqd0
wlrqdo zdjh glhuhqfhv wkhuhiruh pdwwhuv pruh iru xsvwuhdp upv* fkrlfh ri
orfdwlrq1 Dv d frqvhtxhqfh/ zkhq zh dssurdfk iuhh wudgh/ wkh surshqvlw| ri
xsvwuhdp upv wr pljudwh zloo fhwhulv sdulexv eh uhodwlyho| juhdwhu wkdq wkdw
ri grzqvwuhdp upv16
7 Lqgxvwuldo srolf|
Zh qrz wxuq wr wkh dqdo|vlv ri rswlpdo lqgxvwuldo srolf| lq wkh kljk zdjh
krph frxqwu| krvwlqj wkh djjorphudwlrq1 Lq wkh suhvhqw prghoolqj iudph0
zrun wkhuh duh wzr vrufhv ri shfxqldu| h{whuqdolwlhv lq wkh suhfhqfh ri wudgh
frvwv1 Wkh uvw lv dvvrfldwhg zlwk wkh olqn ehwzhhq xsvwuhdp surgxfhuv dqg
wkhlu fxvwrphuv 0 grzqvwuhdp upv1 Wkh vhfrqg zlwk wkh olqn ehwzhhq grzq0
vwuhdp surgxfhuv dqg frqvxphuv1 Wkh shfxqldu| h{whuqdolwlhv duh v|pswrpv
ri wkh pdunhw idloxuh fuhdwhg e| wkh lqwhudfwlrq ri yhuwlfdo olqndjhv/ lqfuhdv0
lqj uhwxuqv wr vfdoh/ dqg lpshuihfw frpshwlwlrq +vhh Qrupdq/ 4<<9,1 Khqfh/
srolf| lqwhuyhqwlrqv pljkw eh fdoohg iru1
Lq sduwlfxodu/ zh zloo irfxv rq krz rswlpdo lqgxvwuldo srolf| lv dhfwhg
e| wkh surfhvv ri hfrqrplf lqwhjudwlrq1 Joredol}dwlrq kdv wzr glphqvlrqv> lw
pd| dhfw wkh prelolw| ri upv dqg lw pd| dhfw wudgh frvwv1 Lq uhodwlrq wr
prelolw| zh zloo wuhdw wzr h{whuph fdvhv= Iluvw wkdw upv duh lppreloh 0 iru
lqvwdqfh gxh wr fdslwdo frqwurov 0 dqg vhfrqg wkdw upv fdq pryh zlwkrxw
frvw1
Wurxjkrxw wkh dqdo|vlv zh zloo dvvxph wkdw wkh orz0zdjh iruhljq frxqwu|
lv sdvvlyh/ dqg wkdw lw grhv qrw sxuvxh dq| lqgxvwuldo srolf|1
6Wklv srlqw kdyh dovr ehhq pdgh e| Sxjd dqg Yhqdeohv +4<<9,/ dowkrxjk zlwklq d
gl￿huhqw vhwwlqj1
45714 Lqwhuqdwlrqdoo| lppreloh upv
Wkh hqwluh pdqxidfwxulqj vhfwru lv djdlq djjorphudwhg lq frxqwu| / zkloh
frxqwu| s lv frpsohwho| vshfldol}hg lq djulfxowxuh1
Zh frqvlghu d wd{ v|vwhp wkdw doorzv iru wd{hv rq oderxu lqfrph/ rq frvwv
lq wkh xsvwuhdp lqgxvwu|/ dv zhoo dv rq frvwv lq wkh grzqvwuhdp lqgxvwu|1
Wkh jryhuqphqw*v remhfwlyh lv wr pd{lpl}h djhqwv lqgluhfw xwlolw| ixqfwlrq
zlwk uhvshfw wr |￿￿ dqg |7￿ vxemhfw wr wkh sxeolf exgjhw frqvwudlqw1 Wkh
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H{dplqlqj wkh vroxwlrq wr wkh pd{lpl}dwlrq sureohp/ zh vkdoo xvh wkh
fdvh ri d forvhg hfrqrp| dv ehqfkpdun1 Wkxv/ iru frpsdulvrq/ frqvlghu d
forvhg hfrqrp| yhuvlrq ri wkh prgho deryh/ zkhuh frxqwu|  lv dfwlyh lq erwk
djulfxowxuh dqg pdqxidfwxulqj/ exw wkhuh lv qr lqwhuqdwlrqdo wudgh1 Gl{lw
dqg Vwljolw} +4<::, dqdo|vh vxfk d fdvh hpsor|lqj d prgho zlwk rqh shuihfwo|
frpshwlwlyh vhfwru dqg rqh prqrsrolvwlfdoo| frpshwlwlyh vhfwru1 Wkh| vkrz
wkdw wkh lqwhudfwlrq ehwzhhq d ghvludelolw| ri ydulhw|/ lqfuhdvlqj uhwxuqv dqg
lpshuihfw frpshwlwlrq ohdgv wr d pdunhw rxwfrph wkdw grhv qrw |lhog wkh
vrfldoo| rswlpxp qxpehu ri nlqgv1 Zlwk frqvwdqw hodvwlflw| ri ghpdqg/ wkh
pdunhw htxloleulxp lv/ lq idfw/ lghqwlfdo wr dq rswlpxp frqvwudlqhg e| wkh
odfn ri oxps vxp vxevlglhv/ exw dq xqfrqvwudlqhg rswlpxp lv fkdudfwhulvhg
e| d juhdwhu qxpehu ri upv ri wkh vdph vl}h dv lq pdunhw htxloleulxp1 Lq
wkh xqfrqvwudlqhg rswlpxp wkh sulfh fkdujhg e| hdfk up htxdov pdujlqdo
frvwv/ dqg hdfk up fryhuv h{dfwo| lwv yduldeoh frvw/ l1h1 hdfk up uhfhlyhv d
vxevlg| htxdo wr lwv { frvw1 Wkh vxevlg| lv qdqfhg e| d oxps vxp wd{ rq
frqvxphu lqfrph1
Wkh prgho hpsor|hg khuh glhuv iurp wkdw ri Gl{lw dqg Vwljolw} lq wkh
vhqvh wkdw wkh lpshuihfwo| frpshwlwlyh vhfwru lv vsolw lqwr d grzqvwuhdp dqg
dq xsvwuhdp lqgxvwu|1 Krzhyhu/ lw lv vwudljkwiruzdug wr vkrz wkdw wkh uh0
vxowv duh frpsohwho| dqdorjrxv= Vxevlglhv duh ghwhuplqhg e| wkh hodvwlflw|
ri ghpdqg lq wkh uhvshfwlyh lqgxvwu| zlwk |W
￿￿ ' *j dqg |W
7￿ ' *"1D
vxevlg| ri *" wr wkh 7 vhfwru jlyhv sulfh +R7￿ htxdo wr pdujlqdo frvw/ dv
46fdq eh vhhq e| lqvhuwlqj wkh vxevlg| lq +;,1 Pruhryhu wkh wrwdo vxevlg| jlyhq
wr wkh xsvwuhdp lqgxvwu| dprxqwv wr wkh vxp ri { frvwv lq wkh lqgxvwu|/
A7￿ ' ￿
"￿E@ n K%6￿ ' @6￿1 Vlploduo| wkh vxevlg| ri *j wr wkh grzq0
vwuhdp vhfwru jlyhv sulfh htxdo wr pdujlqdo frvw/ dqg lpsolhv d wrwdo vxevlg|
htxdo wr wkh {hg frvw lq wkh lqgxvwu|1
Qh{w frqvlghu wkh rshq hfrqrp|1 Wkh jryhuqphqw fkrrvhv wd{hv dv wr
pd{lpl}h +59,/ dqg lq olqh zlwk wkh uhvxow iru d forvhg hfrqrp|/ wkh rswlpdo
wd{ lq wkh xsvwuhdp vhfwru lv djdlq7
|
W
7￿ ' *" +5:,
Hfrqrplhv ri vfrsh lq wkh xvh ri lqwhuphgldwhv lpsolhv wkdw wkh pdunhw rxw0
frph jlyhv wr ihz ydulhwlhv ri lqwhuphgldwhv/ dqg jryhuqphqw lqwhuyhqwlrq
doorz iru sulfh htxdo pdujlqdo frvw dqg d juhdwhu qxpehu ri ydulhwlhv1
Lq ghulylqj wkh rswlpdo wd{ iru wkh grzqvwuhdp vhfwru zh uho| rq qx0
phulfdo h{sorudwlrqv ri wkh prgho1 Iljxuh 6 looxvwudwhv wkh vroxwlrq wr wkh
jryhuqphqw*v pd{lpl}dwlrq sureohp iru jlyhq sdudphwhu ydoxhv e| sorwwlqj
wkh uvw rughu frqglwlrqv1 Lq d forvhg hfrqrp|/ dqdorjxh wr wkh wuhdwphqw
ri wkh xsvwuhdp lqgxvwu|/ wkh grzqvwuhdp lqgxvwu| zrxog kdyh ehhq jlyhq
d vxevlg| htxdo wr *j qdqfhg e| d wd{ |￿ rq oderxu lqfrph dffruglqj wr
+4:,1 Krzhyhu/ dv fdq eh vhhq iurp Iljxuh 6/ lq dq rshq hfrqrp| zhoiduh
pd{lpl}dwlrq uhtxluhv d wd{  qrw d vxevlg|  rq wkh grzqvwuhdp lqgxvwu|1
H{whqvlyh qxphulfdo lqyhvwljdwlrq vkrzv wkdw wklv zloo dozd|v eh wkh fdvh1
~ILJXUH 6
Zkdw*v wkh lqwxlwlrq ehklqg wklv glvfuhsdqf| lq uhvxowv iru forvhg dqg rshq
hfrqrplhvB Wkh shfxqldu| h{whuqdolw| suhvhqw lq pdqxidfwxulqj jhqhudwhv d
uhqw1 Ehfdxvh ri iuhh hqwu|/ wklv uhqw zloo qrw eh pluuruhg wkurxjk upv*
surwv> qru zloo lw lpsdfw rq idfwru uhwxuqv/ vlqfh gxh wr wkh dvvxpswlrqv ri
wkh prgho/ zdjhv duh {hg dqg htxdolvhg dfurvv vhfwruv1 Wkh uhqwv wkdw duh
jhqhudwhg e| wkh lqgxvwuldo djjorphudwlrq zloo/ wkxv/ eh frpsohwho| sdvvhg rq
wr frqvxphuv  grphvwlf dqg iruhljq  wkurxjk sulfhv dqg qxpehu ri ydulhwlhv1
Wklv phdqv wkdw vxevlglhv wr grzqvwuhdp lpso| wudqvihuv wr deurdg/ zkloh
d wd{ doorzv iru uhqwv wr eh vkliwhg edfn wr wkh grphvwlf frqvxphuv1 Wkh
uhdvrqlqj khuh lv lq olqh zlwk wkdw ri dq rswlpdo wdul dujxphqw/ exw wkh
rxwfrph pxvw eh uhjdughg dv d vhfrqg ehvw dowhuqdwlyh jlyhq wkh odfn ri wdul
7Dsshqgl{ E lqglfdwhv krz wkh fdofxodwlrqv duh pdgh1
47dv dq lqvwuxphqw1 D uvw ehvw rxwfrph zrxog kdyh ehhq uhdfkhg e| fruuhfwlqj
iru wkh pdunhw idloxuh e| xvlqj surgxfwlrq vxevlglhv dovr lq wkh grzqvwuhdp
lqgxvwu|/ zkloh ohy|lqj d wdul rq h{sruwv wr vkliw uhqwv krph1 Exw lq d zruog
fkdudfwhulvhg e| hfrqrplf lqwhjudwlrq dqg uhgxfwlrq ri revwdfohv wr wudgh/
vxfk d srolf| pl{ kdugo| vhhpv dv d uhohydqw rswlrq1
Rxu vlpxodwlrqv vkrz wkdw wkh wd{ udwh |W
￿￿ lv lqfuhdvlqj lq sdudphwhuv
wkdw vwuhqjwkhqv djjorphudwlrq irufhv dqg wkhuhiruh lqfuhdvhv djjorphudwlrq
uhqwv 0 wkh hodvwlflw| ri ghpdqg +jc lq h{shqglwxuh vkduh rq pdqxidfwxulqj
+c dqg lq wkh vwuhqjwk ri yhuwlfdo olqndjhv +#,> zkloh ghfolqlqj lq hodvwlflw|
ri ghpdqg lq wkh xsvwuhdp lqgxvwu| +" Wkh kljkhu wkh hodvwlflw| ri ghpdqg/
wkh ohvv vljqlfdqw lv wkh pdunhw idloxuh/ dqg wkh vpdoohu wkh rswlpdo vxevlg|
wkdw zrxog kdyh ehhq jlyhq li d frpsohwh udqjh ri srolf| lqvwuxphqwv zhuh
dydlodeoh1 D kljkhu hodvwlflw| wkhuhiruh glplqlvkhv wkh lqfhqwlyh wr surylgh
d vxevlg|/ zkloh wkh lqfhqwlyh wr xvh wd{hv dv dq lqvwuxphqw wr vkliw uhqwv
edfn wr grphvwlf frqvxphuv uhpdlqv/ dqg ehfrphv pruh suhgrplqdqw1 Wkh
pruh vnhzhg frqvxphu suhihuhqfhv duh lq wkh gluhfwlrq ri pdqxidfwxulqj/
wkh pruh pdqxidfwxulqj jrrgv zloo eh h{sruwhg/ dqg wkxv wkh odujhu wkh
uhqwv wkdw duh vkliwhg deurdg/ dqg zklfk fdq eh vkliwhg edfn yld d wd{ rq
grzqvwuhdp1 Dv iru yhuwlfdo olqndjhv/ wkh vwurqjhu wkh olqndjhv/ wkh odujhu
wkh xsvwuhdp vhfwru/ dqg wkh pruh vxevlglhv lw uhfhlyhv1 Wkh odujhu duh lq
wxuq wkh jdlqv wr frqvxphuv iurp wkh srolf| lqwhuyhqwlrqv lq wkh xsvwuhdp
vhfwru/ dqg wkh odujhu wkh uhqwv zklfk wkh qdwlrqdo jryhuqphqw zrxog olnh
wr h{wudfw edfn iurp iruhljq frqvxphuv1 Wkh vdph w|sh ri dujxphqw dssolhv
zkhq lqyhvwljdwlqj wkh lpsdfw ri ghpdqg hodvwlflw| lq xsvwuhdp rq wkh wd{
rq grzqvwuhdp1 D orzhu " lpsolhv juhdwhu vxevlglhv wr xsvwuhdp/ dqg pruh
wr eh vkliwhg edfn wr wkh krph frxqwu|1
Rxu vlpxodwlrqv dovr vkrz wkdw wkh lqfrph iurp wd{lqj wkh grzqvwuhdp
lqgxvwu| zloo dozd|v h{fhhgv wkh h{shqvhv uhodwhg wr vxevlglvlqj wkh xsvwuhdp
dfwlylw|/ ohdglqj wr d qhw vxevlg| wr frqvxphu +oderxu, lqfrph lq wkh krph
frxqwu|1 Khuhe|/ wkh lqkdelwdqwv lq frxqwu|  duh hqvxuhg d uhodwlyho| juhdwhu
vkduh ri wkh uhqwv fuhdwhg e| wkh lqgxvwuldo djjorphudwlrq1
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Ohw xv qrz suhfhhg wr d vlwxdwlrq zkhuh lqwhuqdol}dwlrq kdv ohg wr upv ehlqj
preloh zlwkrxw frvwv1 Wkh prelolw| dfurvv erughuv dhfwv wkh pd{lpl}dwlrq
sureohp idfhg e| wkh jryhuqphqw lq frxqwu| / vlqfh wd{hv dhfw upv* lq0


















Lw frphv dv qr vxusulvh wkdw d wd{ rq hlwkhu vhfwru hqfrxudjhv upv wr pryh
wr wkh iruhljq frxqwu|1 Exw zk| grhv d wd{ rq grzqvwuhdp upv kdyh }hur
lpsdfw rq xsvwuhdp upv/ dqg d wd{ rq xsvwuhdp upv glvfrxudjh grzq0
vwuhdp ghyldqwvB Vlqfh wkh pdunhw iru lqwhuphgldwhv lv hqwluho| frqfhqwudwhg
lq frxqwu| /dw d {+ |￿￿ rq grzqvwuhdp zloo rqo| dhfw wkh surshqvlw| iru
xsvwuhdp upv wr ghyldwh/ li wkh wd{ kdv dq lpsdfw rq zdjhv1 Dv orqj dv
zdjhv duh frqvwdqw dqg lqghshqghqw ri wd{ uhjlphv dqg wd{ udwhv wkh vxvwdlq0
delolw| frqglwlrq iru xsvwuhdp upv lv xqdhfwhg e| d wd{ rq grzqvwuhdp1
Krzhyhu/ wd{ rq xsvwuhdp dhfw grzqvwuhdp upv wkurxjk wzr fkdqqhov=
Iluvw/ wkh sulfh iru wkh lqwhuphgldwh frpsrvlw jrhv xs/ dv wkh sulfh ri hdfk
ydulhw| lqfuhdvhv dw wkh vdph wlph dv qxpehu ri xsvwuhdp upv ghfuhdvhv1
Vhfrqg/ wkh pdunhw iru qdo jrrgv h{sdqgv/ vlqfh d wd{ rq xsvwuhdp sur0
gxfwlrq lv phw e| d vxevlg| wr grphvwlf frqvxphu lqfrph1 Zkloh wkh iruphu
hhfw dssolhv htxdoo| wr grzqvwuhdp upv lq  dqg s/ wkh odwwhu hhfw hq0
wdlov uhodwlyho| lpsuryhg pdunhw dffhvv iru grzqvwuhdp upv lq frxqwu| 1
Lq whupv ri lpsdfw rq vxvwdlqdelolw|/ rqo| wkh odwwhu hhfw sod|v d uroh/ dqg
h{sodlqv zk| d wd{ rq xsvwuhdp dfwxdoo| hqfrxudjh grzqvwuhdp upv wr vwd|
lq wkh lqgxvwuldo fruh lq 1
D zhoiduh pd{lplvlqj jryhuqphqw kdv wr wdnh lqwr dffrxqw wkh lpsdfw
lqwhuqdwlrqdol}dwlrq zkhq ghflglqj rq lqgxvwuldo srolf|1 Ilupv ehlqj preloh
phdqv wkdw wkh srolf| pl{ wkdw dsshduhg rswlpdo lq d vlwxdwlrq zlwk lppreloh
upv pd| qrw eh rswlpdo li lw ohdgv wr upv prylqj rxw1 Zh zloo frpsduh
wzr pdlq srolf| rswlrqv 0 wr lqwhuyhqh dqg qrw wr lqwhuyhqh1 Wkh uvw srolf|
lpsolhv wkdw wkh jryhuqphqw pd{lpl}hv zhoiduh vxemhfw wr wkh frqvwudlqw
wkdw wkh djjorphudwlrq vkrxog eh vxvwdlqhg1 Wkh vhfrqg lv qrw wr lqwhuyhqh>
ghflvlyh iru lwv fkrlfh zloo eh zklfk dowhuqdwlyh wkdw jlyhv wkh kljkhvw zhoiduh1
Dv zh vkdoo vhh/ wkhuh lv krzhyhu qrw qhfhvvdulo| d xqltxh dqvzhu wr wklv1
Zklfk dowhuqdwlyh wkdw doorzv wkh jryhuqphqw wr dwwdlq d pd{lpxp ohyho ri
zhoiduh zloo udwkhu ghshqg rq wkh ohyho hfrqrplf lqwhjudwlrq Wr frpsduh wkh
rswlrqv idflqj wkh jryhuqphqw zh vkdoo djdlq uho| rq qxphulfdo vlpxodwlrqv1
Zh uhsruw wkh rxwfrphv iru d jlyhq vhw ri sdudphwhu ydoxhv/ exw wkh uhvxowv
krog lq d txdolwdwlyh vhqvh iru d eurdg udqjh ri sdudphwhu ydoxhv1
Zh uvw frqvlghu wkh wkh fdvh zkhuh wkh jryhuqphqw fkrrvh wr lqwhuyhqh
49dqg pd{lpl}h zhoiduh dv shu +59, vxemhfw wr wkh dgglwlrqdo frqvwudlqwv wkdw
wkh djjorphudwlrq vkrxog eh pdlqwdlqhg/ l1h1 +57, dqg +58,1 Wkh voljkwo|
ehoo vkdshg fxuyh lq Iljxuh 7 looxvwudwhv wkh vroxwlrq wr wkh pd{lpl}dwlrq
sureohp/ zkhuh zhoiduh lv gudzq dv d ixqfwlrq ri wudgh frvwv1 Iljxuh 8 vkrzv
wkh fruuhvsrqglqj wd{ udwhv rq xsvwuhdp dqg grzqvwuhdp1 Zh vhh wkdw
erwk zhoiduh dqg wd{hv duh dhfwhg e| wkh ohyho ri hfrqrplf lqwhjudwlrq1
Zhoiduh shdnv dw lqwhuphgldwh wudgh frvwv/ zkhq wkh djjorphudwlrq irufhv
duh vwurqjhvw/ dqg wkh vfrsh iru grphvwlfdoo| h{wudfwlrq ri wkh uhqwv fuhdwhg
lq wkh lqgxvwuldo djjorphudwlrq lv juhdwhvw1
Lq d vlwxdwlrq zlwk lppreloh upv/ d zhoiduh pd{lpl}lqj jryhuqphqw
zrxog vxevlgl}h wkh xsvwuhdp lqgxvwu| dqg wd{ wkh grzqvwuhdp lqgxvwu|1
Krzhyhu/ zlwk lqwhuqdwlrqdoo| preloh upv/ wkh vxvwdlqdelolw| frqglwlrq iru
wkh grzqvwuhdp vhfwru elqgv iru wkh zkroh udqjh ri wudgh frvwv/ dqg lpshghv
d wd{ udwh dv kljk dv zkdw zrxog kdyh ehhq rswlpdo li upv zhuh lppreloh +fi1
Iljxuh 6 dqg 7,1 Dv zh dssurdfk }hur wudgh frvw/ vxvwdlqdelolw| pd| lqghhg
uhtxluh d vxevlg| dqg qrw d wd{ rq grzqvwuhdp dfwlylw|1 Iru prvw wudgh frvwv
wkh vxvwdlqdelolw| frqvwudlqw uhodwhg wr wkh xsvwuhdp vhfwru grhv qrw elqg/
exw ehfdxvh ri wkh vhfwrudo furvv0hhfw wkdw d vxevlg| wr wklv vhfwru kdv rq
grzqvwuhdp/ wkhuh lv olplw wr wkh vxevlg| wkdw fdq eh jlyhq1 Wkh vxevlg|
khuh zloo wkxv dozd|v eh orzhu wkdq wkh rqh xvhg lq wkh fdvh zlwk lppreloh
upv1 Wkh nlqn lq wkh |r lq Iljxuh 8 pdunv wkh ohyho ri wudgh frvwv dw zklfk
wkh vxvwdlqdelolw| frqglwlrq iru wkh xsvwuhdp vhfwru ehfrphv elqglqj1
Zruwk qrwlqj wkrxjk lv wkdw wkh jdlqv iurp wkh lqwhuyhqwlrq olqh uhdfk
wkhlu pd{lpxp dw lqwhuphgldwh frvwv/ dw zklfk wkh wd{ rq grzqvwuhdp dqg
vxevlg| wr xsvwuhdp jhw dv forvh dv hyhu wr zkdw zrxog kdyh ehhq rswlpdo
ohyhov lq d vlwxdwlrq zlwkrxw lqwhuqdwlrqdo prelolw|1 Zkdw fkdudfwhulvhv wklv
vlwxdwlrq lv erwk uhodwlyho| kljk vxevlglhv dqg kljk wd{hv1 Lw uh hfwv wkh idfw
wkdw vwurqj djorphudwlrq irufhv erwk doorzv iru lqwhuyhqwlrq fruuhfwlqj iru
wkh pdunhw idloxuh dv zhoo dv iru wkh orfdoo| h{wudfwlrq ri wkh uhqwv jhqhudwhg
lq wkh djjorphudwlrq1
Exw wkh jryhuqphqw pd| dovr fkrrvh qrw wr lqwhuyhqh1 Iurp wkh glvfxvvlrq
ri vxvwdlqdelolw| lq vhfwlrq 7 zh nqrz wkdw wkh erwk wkh V dqg P lqgxvwu|
zloo pljudwh zkhq wudgh frvwv duh orz hqrxjk18 Iljxuh 7 vkrzv zhoiduh zkhq
wkh jryhuqphqw lv sdvvlyh1 Wkh djjorphudwlrq vwd|v lq wkh krph frxqwu| iru
8Dfwxdoo| wkh grzqvwuhdp lqgxvwu| zloo dovr pljudwh iru yhu| kljk wudgh frvwv 0 ￿ forvh
wr 533 shufhqw iru rxu sdudphwulvdwlrq1 Wklv ohyho ri ￿> krzhyhu/ lv rxwvlgh rxu udqjh ri
lqwhuhvw1
4:d odujh udqjh ri wudgh frvwv/ ehfdxvh upv duh wlhg grzq e| djjorphudwlrq
uhqwv1 Dw srqw D wkh djjorphudwlrq lv qr orqjhu vxvwdlqhg1 Zkhq wkh gxvw
kdv vhwwohg dqg wkh hqwluh djjorphudwlrq lv orfdwhg lq iruhljq zhoiduh kdv
lqfuhdvhg wr E19 Ixuwkhu lqwhjudwlrq iurp wklv srlqw ohdgv wr d vwhhs lqfuhdvh
lq zhoiduh1
Frpsdulqj wkh zhoiduh dwwdlqhg zlwk dqg zlwkrxw lqwhuyhqwlrq/ zh vhh
wkdw zkhwkhu ru qrw wkh jryhuphqw zloo zlvk wr frqgxfw dq dfwlyh lqgxv0
wuldo srolf| ghshqgv rq wkh ohyho ri lqwhjudwlrq1 Iru kljk wudgh frvwv/ wkh
jdlqv iurp kdylqj wkh djjorphudwlrq h{fhhgv wkh frvwv1 Ehorz D d sdvvlyh
jryhuqphqw zrxog eh suhihuuhg1 Hvvhqwldoo|/ krph kdv d frpsdudwlyh glvdg0
ydqwdjh lq wkh djjrphudwhg lqgxvw|1 Iru orz hqrxjk wudgh frvw/ wkh jdlqv
iurp surgxfwlrq wdnlqj sodfh zkhuh idfwru sulfhv duh orzhvw rxwzhljk wkh
djjorphudwlrq ehqhwv iru wkh krph frxqwu|1
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Zh kdyh vr idu dvvxphg wkdw wkh jryhuqphqw iroorzv dq rswlpdo srolf| wkdw
doorz iru wkh frxqwu|*v lqkdelwdqwv* zhoiduh wr eh pd{lpl}hg1 Li zh dvvxph
wkdw zh duh dw d vwdjh zkhuh lqwhuqdwlrqol}dwlrq kdv qrw |hw kdg dq lpsdfw rq
upv* prelolw|/ lw iroorzv fohduo| iurp wkh dqdo|vlv lq vhfwlrq 814 dqg Iljxuh
8 wkdw srolf| lqwhuyhqwlrq zloo eh vxshulru wr d odlvvh0idluh olqh1 Shfxqldu|
h{whuqdolwlhv v|pswrpl}lqj d pdunhw idloxuh zloo dozd|v pdnh xv zdqw wr
vxevlgl}h wkh djjorphudwlrq/ zkloh wkh idfw wkdw vrph ri wkh uhqwv iurp wkh
djjorphudwlrq lv dwwdlqhg e| iruhljqhuv hqfrxudjh d vlpxowdqhrxv wd{dwlrq ri
wkh lqgxvwu|1
Vwloo/ srolwlfdo uhdolwlhv pd| suhyhqw wkh jryhuqphqw iurp iroorzlqj dq
rswlpdo srolf|1 Lq sduwlfxodu/ d srolf| wkdw doorz iru wkh djjorphudwlrq wr
pryh rxw wr wkh orz zdjh frxqwu| pd| lqghhg qrw eh ihdvleoh1
Frqvlghu wkh vlwxdwlrq iru wkh krph frxqwu| gxulqj d surfhvv ri hfrqrplf
lqwhjudwlrq1 Rqfh zh kdyh uhdfkhg srlqw D lq wkh Iljxuh 7 lw zrxog eh
rswlpdo wr vwrs lqwhuyhqwlrqv dqg ohw jr ri wkh djjorphudwlrq1 Krzhyhu/
wklv pd| qrw eh srolwlfdoo| ihdvleoh1 D shukdsv pruh srolwlfdoo| dffhswdeoh
srolf| zrxog eh wr ohw wkh oderxu lqwhqvlyh xsvwuhdp lqgxvwu| pryh/ zkloh
lqwhuyhqlqj lq rughu wr nhhs wkh grzqvwuhdp lqgxvwu|1 Exw wklv lv qrw dq
9Iurp vhfwlrq 7 rqh ri wkh vhfwruv zloo eh wkh ￿uvw wr pryh1 Krzhyhu/ wklv w|sh ri prgho
grhv qrw glvsdo| dq| vwdeoh htxloleuld zlwk wkh wzr vhfwruv orfdwhg lq gl￿huhqw frxqwulhv1
Wkh hqg uhvxow pxvw wkhuhiruh eh wkdw wkh hqwluh djjorphudwlrq kdv pryhg wr wkh iruhljq
frxqwu|1
4;dwwudfwlyh rswlrq dw D/ vlqfh lw hqwdlov d grzqzdug vkliw lq zhoiduh wr F1
Lqghhg rxu/ vlpxodwlrqv vkrz wkdw wklv dowhuqdwlyh zloo dozd|v eh lqihulru wr
ohwwlqj wkh hqwluh djjorphudwlrq pryh1
Krzhyhu/ rqfh wkh srlqw G lv uhdfkhg/ wkh vlwxdwlrq iru wkh krph frxqwu|
lv glhuhqw1 Wkh rswlrq ri ohwwlqj wkh V0vhfwru ohdyh zkloh P vwd|v ehfrphv
dwwudfwlyh/ dqg li wklv srolf| lv iroorzhg/ ixuwkhu olehudolvdwlrq ohdgv wr vwurqj
zhoiduh jdlqv1
Wkh dqdo|vlv pd| kdyh sudfwlfdo uhohydqfh1 Wkh pryhphqw ri vxssolhu
upv wr orz zdjh frxqwulhv lv riwhq ylhzhg dv d wkuhdw lq kljk zdjh lqgxv0
wuldo frxqwulhv1 Rxu dqdo|vlv lqglfdwh wkdw wklv pxvw qrw eh wkh fdvh1 Rqfh
lqwhjudwlrq kdv surfhhghg idu hqrxjk/ wkh rxwpljudwlrq ri vxssolhu up pd|
lqvwhdg eh d idfwru wkdw khosv kljk zdjh frxqwulhv nhhs sduw ri wkh lqgxvwu|1
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Wklv sdshu h{dplqhv wkh ghvljq ri lqgxvwuldo srolf| lq d kljk zdjh hfrqrp|
krvwlqj dq lqgxvwuldo foxvwhu ri yhuwlfdoo| olqnhg lqgxvwulhv1 Srolf| dqdo|vlv
lv xqghuwdnhq zlwklq d qrq0vwudwhjlf vhwwlqj/ dqg lw lv dvvxphg wkdw wkh jry0
huphqw*v remhfwlyh lv wr pd{lpl}h qdwlrqdo zhoiduh1 Zh vkrz wkdw zkloh lq
d forvhg hfrqrp| rswlpdo lqgxvwuldo srolf| zrxog lpso| wkh vxevlgl}lqj ri
erwk grzqvwuhdp dqg xsvwuhdp lqgxvwulhv/ wklv lv qrw orqjhu rswlpdo lq dq
rshq hfrqrp| vhwwlqj1 Glvuhjduglqj lvvxhv uhodwhg wr lqwhuqdwlrqdoo| preloh
upv dqg vxvwdlqdelolw|/ rswlpdo srolf| pl{ zrxog lq wkh odwwhu fdvh eh wr
vxevlglvh wkh xsvwuhdp vhfwru wr fruuhfw iru wkh shfxqldu| h{whuqdolw|/ exw wr
ohy| d wd{ rq wkh grzqvwuhdp vhfwru dv phdqv ri uhqw0vkliwlqj iurp iruhljq
frqvxphuv1
Wkh vxvwdlqdelolw| ri wkh lqgxvwuldo foxvwhu grhv/ krzhyhu/ sxw uhvwulfwlrqv
rq wkh jryhuqphqw*v zhoiduh pd{lpl}dwlrq sureohp1 Lq sduwlfxodu wkh srv0
vlelolw| wr wd{ wkh grzqvwuhdp vhfwru lv rqo| srvvleoh wr d olplwhg h{whqw1
Qhyhuwkhovv/ gxulqj hduo| vwdjhv ri hfrqrplf lqwhjudwlrq/ jryhuqphqw lqwhu0
yhqwlrq ohdgv wr kljkhu qdwlrqdo zhoiduh/ wkdq zkdw zrxog kdyh ehhq wkh fdvh
zlwkrxw lqwhuyhqwlrq1 Dv lqwhjudwlrq surfhhgv idu hqrxjk/ wklv lv qrw orqjhu
wuxh1 Gxh wr uhodwlyh orzhu idfwru sulfhv lq wkh iruhljq frxqwu|/ krph xwlolw|
zrxog dfwxdoo| lqfuhdvh li wkh jryhuqphqw ohw wkh djjorphudwlrq pryh rxw wr
wkh orz zdjh iruhljq frxqwu|1
D srolf| wkdw lqyroyhv pdlqwdlqlqj wkh djjorphudwlrq lq wkh kljk zdjh
frxqwu| pd| wkxv suryh yhu| frvwo| dv lqwhjudwlrq ghhshqv1 Krzhyhu/ jhr0
4<judsklfdo iudjphqwdwlrq ri surgxfwlrq/ lq wkh vhqvh ri ohwwlqj vxssolhu upv
pryh wr wkh orz zdjh frxqwulhv pdnhv lw srvvleoh wr pdlqwdlq wkh grzqvwuhdp
sduw ri wkh lqgxvwu| lq wkh kljk zdjh frxqwu| dw d orzhu frvw1 Dowkrxjk wklv
odvw dowhuqdwlyh hqwdlov d zhoiduh wkdw lv orzhu wkdq wkh zkdw zrxog kdyh ehhq
dfklhyhg li wkh zkroh djjorphudwlrq kdg pryhg wr wkh orz zdjh frxqwu|/ lw lv
vwloo kljkhu wkdq wkh rqh dfklhyhg li rqh vhhnv wr vxvwdlq wkh zkroh foxvwhu 
dqg lw pd| lqghhg xqghu fhuwdlq srolwlfdo flufxpvwdqfhv eh pruh dffhswdeoh1
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flwlhv/ uhjlrqv dqg lqwhuqdwlrqdo wudgh/ PLW suhvv/ Fdpeulgjh PD1
^8` Jrugrq/ U1/ 4<;61 Dq rswlpdo wd{ dssurdfk wr vfdo ihghudolvp1 Txdu0
whuo| Mrxuqdo ri Hfrqrplfv <;/ 89:0;91
^9` Kddodqg/ M1 L1 dqg L1 Zrrwrq/ 4<<<1 Lqwhuqdwlrqdo frpshwlwlrq iru pxowl0
qdwlrqdo lqyhvwphqw1 Vfdqglqdyldq Mrxqdo ri Hfrqrplfv 434/ 964097<
^:` Kxpphov/ G1 Lvkll M1 dqg N0P \l/ 4<<<1 Yhuwlfdo vshfldol}dwlrq dqg wkh
fkdqjlqj qdwxuh ri zruog wudgh1 IUEQ\ Hfrqrplf Srolf| Uhylhz/ Mxqh
4<<;/ :<0<<
^;` Nlqg/ K1 M1/ N1 K1 Plghoiduw Nqduyln dqg J1 Vfkmhoghuxs/ 53331 Frp0
shwlqj iru fdslwdo lq d oxps| zruog1 Mrxuqdo ri Sxeolf Hfrqrplfv :;/
58605:7
^<` Nuxjpdq/ S1/ 4<<41 Lqfuhdvlqj uhwxuqv dqg hfrqrplf jhrjudsk|1 Mrxuqdo
ri Srolwlfdo Hfrqrp| <</ 7;607<<1
^43` Nuxjpdq/ S1 dqg D1 M1 Yhqdeohv/ 4<<31 Lqwhjudwlrq dqg wkh Frpshw0
lwlyhqhvv ri Shulskhudo Lqgxvwu|1 Lq F1 Eolvv dqg M1 Eudjd gh Pdfhgr
+hgv1,/ Xqlw| zlwk glyhuvlw| lq wkh Hxurshdq Hfrqrp|= wkh Frppx0
qlw|*v Vrxwkhuq Iurqwlhu/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1
^44` Nuxjpdq/ S1 dqg D1 M1 Yhqdeohv/ 4<<81 Joredol}dwlrq dqg wkh Lqhtxdolw|
ri Qdwlrqv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 443/ ;8:0;;31
^45` Oxghpd/ U1G1 dqg L1 Zrrwrq/ 4<<;1 Hfrqrplf jhrjudsk| dqg wkh vfdo
hhfwv ri uhjlrqdo lqwhjudwlrq1 FHSU Glvfxvvlrq Sdshu qr1 4;55/ Pdufk
4<<;1 Iruwkfrplqj/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv1
54^46` Qrupdq/ Y1 G1/ 4<<91
^47` Sxjd/ G1 dqg D1 M1 Yhqdeohv/ 4<<91 Wkh vsuhdg ri lqgxvwu|= Vsdwldo
djjorphudwlrq lq hfrqrplf ghyhorsphqw1 Mrxuqdo ri wkh Mdsdqhvh dqg
Lqwhuqdwlrqdo Hfrqrplhv 43/ 77307971
^48` Yhqdeohv/ D1 M1/ 4<<9/ Htxloleulxp Orfdwlrq ri Yhuwlfdoo| Olqnhg Lqgxv0
wulhv1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6:/ 674068<1
55D Dsshqgl{= Rswlpdo wd{hv lq d fruh0shulskhu|
fdvh
Lq dffrugdqfh zlwk wkh sulruo| pdgh dvvxpswlrqv/ frxqwulhv duh dvvxphg wr
kdyh wkh vdph pdunhw vl}h/ vr wkdw lqfrph lv jlyhq e|
ts ' ct ￿ 'E  |￿ +5<,
Iuhh hqwu|/ }hur surwv/ dqg surgxfw pdunhw fohdulqj lq wkh xsvwuhdp vhfwru
+7, lpsolhv wkdw
#￿Et￿nts￿
E￿n|￿￿￿ ' R7￿%7￿6￿c zklfk wrjhwkhu zlwk +5<, dqg +;,
jlyhv qxpehu ri xsvwuhdp ydulhwlhv=
6￿ '
#E2  |￿
@0E n |7￿E n |￿￿
 +63,
Qxpehu ri grzqvwuhdp ydulhwlhv lv ghwhuplqhg e| }hur surwv dqg surgxfw
pdunhw fohdulqj lq wkh pdunhw iru  jrrgv Et￿ n ts'R￿￿%￿￿?￿/z k l f k





￿30E n |7￿#E n |￿￿
+64,
Xvlqj/ +63,/+64, dqg +4:, |lhogv |￿ / wd{ rq oderxu lqfrph/ dv d ixqfwlrq ri
|7￿ dqg |￿￿ G
|￿ '
2E|￿￿E n |7￿n#|7￿
nE  #|7￿ n |￿￿EE  E|7￿ n 
 +65,
+65, doorzv xv wr hoolplqdwh |￿ lq +59,/ zklfk fdq wkhq eh vroyhg iru rswlpdo
|7￿c zkhuhdv rswlpdo |￿￿ lv irxqg e| qxphulfdo vlpxodwlrq1
56Iljxuh 4= Vxvwdlqdelolw| ri wkh djjorphudwlrq dw krph
sdudphwhuv iru Iljxuhv 4/5/6 dqg 7=
} 'f eDc& ' }}E  }E￿3}￿c@ 'f ck 'f c0 '2 Dcj '2 Dc# '
fec'f b
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